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Left ventricular function was evaluated by radionuclide
angiocardiography in patients with tricuspid atresia be-
fore and after the Fontan operation. Ejection fraction
was 0.54 ± 0.13 in 29 patients without the Fontan pro-
cedure and 0.56 ± 0.14 in 14 postoperative patients.
Group means were not statistically different, but both
were less than normal values for the institution (p <
0.001). Function did not correlate significantlywith age
or aortic oxygensaturation. Serial studies demonstrated
little change in eight of nine patients examined over 1
to 3 years preoperatively. From the preoperative group
of nine patients with abnormal ejection fraction, three
underwent surgery, with two survivors.
Although 5 of 14 patients had abnormal systolicfunc-
tion after the Fontan operation, only 1 wassymptomatic.
Depressed response to isometric exercise was found in
two patients with a normal ejectionfractionat rest. Group
In their early proposal of the Fontan operation for treatment
of tricuspid atresia, Choussat et al. (1) recommended normal
left ventricular systolic function as one of the criteria for
patient selection. The presence of a failing left ventricle by
20 years of age is testimony to the necessity for close sur-
veillance of left heart performance (2); it is hoped that sur-
gical intervention may arrest or reverse this myocardial de-
terioration. Because the left ventricle remains the only
pumping chamber in the cardiovascular circuit after surgery,
there is continued concern over its function. This worry is
based on documentation of left ventricular dysfunction in
clinically asymptomatic patients after successful perform-
ance of the Fontan procedure (3-5). Additional patients,
with normal function at rest, show abnormal responses to
dynamic exercise (3-5).
The purpose of the present study is to examine left ven-
tricular systolic function by radionuclide angiocardiography
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systolic function after Fontan surgery did not correlate
significantly with age at surgery but all patients were
operated on at more than 5 years of age. Of seven pa-
tients studied both preoperatively and postoperatively
two had an increase and three a decrease in ejection
fraction. The trend in these seven studied serially after
surgery was toward early improvement in ejection frac-
tion.
This study shows variability in left ventricular per-
formance in patients with tricuspid atresia before and
after surgery. Individuals undergoing the Fontan pro-
cedure after 5 years of age do not necessarily have an
increase in ejection fraction over preoperative values,
and may even have a decrease. Serial improvement over
early postoperative results may be expected, without sig-
nificant deterioration, during the next 1 to 3 years.
(J Am Coli Cardiol1986;8:916-21)
in awake, nonsedated patients with tricuspid atresia. This
study evaluates: 1) left ventricular function before and after
the Fontan operation; 2) the' relation among left ventricular
performance, successful surgery, age and systemic oxygen-
ation; 3) serial ventricular function; and 4) left ventricular
performance after surgery in response to isometric exercise.
Methods
Patients. All patients were diagnosed by cardiac cath-
eterization as having tricuspid atresia with hypoplastic right
ventricle. Excluded were those with a large ventricular sep-
tal defect associated with pulmonary hypervascularity or
those with ventriculoarterial discordance (transposition of
the great arteries), or both. Each had a large atrial septal
defect, maximized by balloon atrial septostomy performed
during initial cardiac catheterization.
Thirty-six patients were referred to the division of nuclear
medicine for evaluation by radionuclide angiocardiography
between 1982 and 1985. Conceivably, this group would be
biased toward suspected abnormality in function. However,
from 1982 to 1985, only 42 patients with tricuspid atresia
were studied by two-dimensional echocardiography or car-
0735-1097/86/$3.50
lACC Vol. 8. No.4
October 1986:916-21
HURWITZ ET AL.
VENTRICULAR PERFORMANCE IN TRICUSPID ATRESIA
917
diac catheterization; thus . most patients also had a radio-
nuclide angiocardiographic estimate of function during this
period .
Preoperative evaluation was done in 29 patients at age
4 months to 27 years (mean 6.4 years). Of these, 10 had
prior aorta-pulmonary artery anastomosis (Waterston shunt)
and 13 had previous subclavian artery-pulmonary artery
anastomosis (Blalock-Taussig shunt) . Cardiac catheteriza-
tion was performed within I year of the radionuclide study
in 24 patients (in 20 of the 24 within 6 months). Mitral
regurgitation was severe in I. minimal or mild in 5 and
absent in 18. Fourteen preoperative patients had two-di-
mensional echocardiography performed concurrently with
the radionuclide study.
Postoperative radionuclide assessment was performed in
14 patients at age 7 to 26 years (mean 13.9), 3 weeks to
36 months after a Fontan procedure. Neither conduit ob-
struction nor residual atrial shunting was demonstrated in
any of these postoperative patients at routine cardiac cath-
eterization 6 months to I year after surgery. Mitral regur-
gitation was absent or mild in 9 and mild to moderate in I
of the 10 patients studied by cineangiography within 6 months
of the radionuclide study.
Radionuclide technique. Radionuclide angiocardiog-
raphy was performed after injecting 200 /-LCi/kg technetium-
99m labeled to the patient's red blood cells. Left ventricular
ejection fraction was determined from equilibrium ventric-
ulography, performed in the left anterior oblique projection.
Data were acquired in a steep caudal tilt, often employing
a slant hole collimator, to help separate ventricular from
atrial activity. Stroke volume, paradox and phase images
were created to help define chamber boundaries.
Initially, each ventriculogram was examined in a cine-
like mode (endless loop format) to examine global and seg-
mental wall motion. Ejection fraction was calculated by
standard techniques. Our laboratory value for normal left
ventricular ejection fraction by the first pass technique is
0 .68 ± 0.09 (6). Although we have not studied normal
subjects by equilibrium ventriculography, results of first
pass and blood pool studies correlated well (r = 0.88) when
we compared these techniques in 50 patients with various
cardiac defects. We have seldom encountered patients with
primarily right heart lesions who had a left ventricular ejec-
tion fraction of less than 0.55; thus, we consider a value of
less than 0.50 to be abnormal, and one from 0.50 to 0.55
to be borderline. Repeatability suggests that a difference
between studies of less than 0 .05 is not significant.
Isometric testing. Six patients underwent evaluation of
left ventricular function during isometric exercise . After the
study at rest , patients gripped a hand-held ergometer at 25
to 30% of their previously determined maximal grip. After
baseline exercise for 2 minutes , imaging was performed by
collecting data over the next 2 minutes. Normal patients
maintain ejection fraction within 0.05 of baseline (7).
Statistical evaluation. Group values are presented as
mean ± I SD in this report. Left ventricular ejection frac-
tion of the group without Fontan surgery was compared with
that of the group after the Fontan procedure by Student's t
test for unpaired data. This test was also used to compare
the effect of different palliative shunts in those without
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Fontan surgery. Student's t test for paired data was used to
analyze left ventricular function in patients studied both
before and after operation. Regression analysis was per-
formed to correlate left ventricular ejection fraction with
age, age at surgery, aortic oxygen saturation and preoper-
ative left ventricular internal dimension.
Results
Preoperative ventricular function. The 29 patients with
tricuspid atresia without the Fontan procedure had a left
ventricular ejection fraction at rest of 0.54 ± 0.13 (range
0.26 to 0.73) (Fig. 1); this was significantly different from
our normal value of 0.68 ± 0.09 (p < 0.001). Nine patients
had an abnormal value « 0.50); five others had a relatively
low ejection fraction between 0.50 and 0.54. Three of the
nine with an abnormal ejection fraction had pulmonary hy-
pertension (mean pulmonary artery pressure >30 mm Hg)
and two others had a norm ill ejection fraction despite ele-
vated pulmonary pressure. There was neither a statistical
difference between the group with a systemic-pulmonary
artery anastomosis and the group without such a shunt, nor
between the group with a Waterston anastomosis and the
group with a Blalock-Taussig shunt.
Neither age at time of study (r = - 0.17) nor aortic
oxygen saturation (r = 0.07) was significantly related to
left ventricular ejection fraction. In addition, radionuclide
estimate of ejection fraction was not significantly related
(r = 0.11) to echocardiographic measurement of the left
ventricular diastolic internal dimension corrected for body
surface area (8). Eleven of the 29 patients studied preop-
eratively underwent Fontan surgery (Fig. 1). The only death
in this group of 11 was in a patient whose preoperative left
ventricular ejection fraction was 0.45 and who also had
0.80
0.70
pulmonary hypertension. Two others with impaired function
survived performance of the Fontan procedure.
Postoperative ventricular function. Group left ven-
tricular ejection fraction was 0.56 ± 0.14 (Fig. 1) after the
Fontan procedure. This did not differ statistically from the
value of the preoperative group, but was significantly less
than our normal value (p < 0.001). Five of the 14 patients
had an abnormal value at rest, and in 1 of 6 studied during
isometric exercise ejection fraction dropped from normal to
abnormal on each of two separate evaluations (Fig. 2). One
other showed a significant drop during exercise. No patients
had comparative isometric testing preoperatively. Only one
patient with an abnormal ejection fraction after surgery had
clinical symptoms of ventricular dysfunction. A difference
in ejection fraction in those with connection of right atrium
to right ventricle versus those with a right atrial to pulmonary
artery anastomosis could not be made, because only two
patients (postoperative ejection fraction 0.44 and 0.72) had
the atrial to ventricular communication. Postoperative left
ventricular ejection fraction was not significantly related
(r = -0.24) to age at surgery.
Individual serial comparisons. Nine patients were stud-
ied serially before a Fontan procedure (Fig. 3). Left ven-
tricular ejection fraction decreased significantly in only one
patient (0.67 to 0.39 over a 3.5 year period). Seven patients
were evaluated before and at least 1 year after Fontan sur-
gery (Fig. 4); mean left ventricular ejection fraction de-
creased from 0.61 ± 0.12 to 0.49 ± 0.17; however, group
means were not statistically different. Three of the seven
demonstrated a drop of more than 20 ejection fraction units
that placed them into the abnormal category. After Fontan
surgery, six patients were evaluated serially (Fig. 5). When
each of three studied within 2 months of surgery was re-
evaluated 1 year later, there was a significant rise in left
Figure 2. Six patients after Fontansurgerystudied
at rest and during isometricexercise (ISO EX) with
determination of left ventricular ejection fraction
(LVEF); group means ± I SD are included.
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Figure 3. Nine patients studied more than
once preoperatively with determination
of left ventricular ejection fraction (LVEF).
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Figure 4. Seven patients studied preoperatively (PRE OP) and
after Fontan surgery (POST FONTAN) with determination of left
ventricular ejection fraction (LVEF); group means ± I SO are
included.
Discussion
Ejection fraction as a measure of ventricular function.
The course of patients with tricuspid atresia who survive
the Fontan operation is generally good. Most patients im-
prove clinically, often attaining New York Heart Associa-
tion functional class I or II. However, echocardiographic
investigation (5) has documented reduced ventricular func-
tion at rest in up to 40% of postoperative patients. Studies
employing radionuclide angiocardiography (4) have dem-
onstrated similar values for ejection fraction in patients with
tricuspid atresia, and have led to our use of radionuclide
angiocardiography for further evaluation of preoperative and
postoperative left ventricular performance. The technique
has been proven precise (9,10) and affords a means to com-
pare function at rest and during stress.
Physiologic factors special to tricuspid atresia. Factors
of preload and afterload contribute to ejection fraction. Pre-
load was usually high in our patients; 90% of the ventricles
measured by echocardiography were significantly enlarged
(8). Systemic resistance was probably elevated, because
blood pressure was normal, and stroke volume has been
proven less than normal (3). The increased preload of a
systemic to pulmonary artery shunt augmented volume and
ejection fraction in four patients studied by Nishioka et al.
(1). Thus, loading characteristics may cancel each other.
Overall, the presence of increased chamber volume caused
by long-standing shunts seemed to have little effect on ven-
tricular function in our patients, because preoperative left
ventricular dimension did not correlate with ejection frac-
tion. Diastolic dimension was only normal in three patients,
whose ejection fraction ranged from 0.39 to 0.66. After
surgery, one of two patients with a large preoperative di-
mension had an ejection fraction greater than 0.55. How-
ever, three of five patients with even modest elevation of
pulmonary artery pressure had an abnormal ejection frac-
I
POST FONTAN
0.70 T
0.60 1
u, 0.50
UJ
>
..J
0.40
0.30
0.20
0 ?
PRE OP
ventricular ejection fraction. Although three patients exhib-
ited a later decrease in ejection fraction, by limits of the
technique the decrease was significant in only one, whose
absolute value was still within the normal range.
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Figure 5. Six patients studied serially after Fontan sur-
gery (POST FONTAN) with determination of left ven-
tricular ejection fraction (LVEF).
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tion, suggesting such development to be a major concern
in those with large shunts. Chronic hypoxemia has also been
considered a possible cause of depre ssed ventricular func-
tion (12). Our data do not support the chronic hypoxemia
hypothe sis.
Operative criteria. Although most of our measurements
were made in different preoperat ive and postoperative pa-
tients, the numbers are large enough to provide meaningful
group data . Obviously, comparative and serial data on the
same patients is most valuable, and is a major contribution
of this study, helping to redefine criteria for successful com-
pletion of the Fontan operation . Certain patients with less
than ideal characteristics ( I) may be successfully operated
on; five of six patients with elevated end-diastolic pressure
survived surgery at the Mayo Clin ic (13) . Two patient s in
our group survived operation despite a preoperative ejection
fraction of less than 0 .50 ; the only death occurred in one
with abnormal funct ion and pulmonary hypertension .
Function after the Fontan procedure. Eventual ven-
tricul ar performance after the Fontan operation is important
in the appraisal of surgical result s. One gro up of patient s
with tricuspid atresia studied angiographically had normal
preoperative and postoperative left ventricular ejection frac-
tions (14); however, other investigators (3,4 , 12) document
abnormal values in up to 40% of patients studied at rest.
Abnormal respon se to stress may also be encountered. Dur-
ing dynamic exercise addit ional asymptomatic patient s with
normal performance at rest have a blunted response to ex-
ercise (3,4). Isometric exercise, with increased afterload, is
usually met by augmented contraction without a decrease
in ventricular ejection characteristics. However, two of our
patients who were normal at rest demonstrated a significant
decrease in ejection fraction during handgrip exercise .
Although postoperative group function did not change,
individual patient s had a variable response. There was no
pattern to this response. All patients were operated on with
similar hypothermia and cardioplegia; pump time was less
than 90 minutes and ischemi c arrest less than 50 minutes,
in divided periods. Correl ation was poor between resultant
ejection fraction and age at surgery. Unfortunately, patients
in our study were all operated on at more than 5 years of
age. There are few data on ventricular function after earlier
surgery. Perhaps patient s operated on at a young age, despite
a possible need for subsequent enlargement of surgical anas-
tomosis, might profit by an improvement in postoperative
ventricular function . The Mayo Clinic experience (13) in-
cludes surviva l in three of four patients operated on earl ier
than 4 years of age , sugges ting that acceptable mortality
figures will be achieved as experience with the Fontan pro-
cedure increases in these younger children.
Serial evaluation. Data in the present study also reflect
a change in postoperative systolic function when measured
serially . Patients with low ejection fraction early after sur-
gery may be expected to show improve ment at later eva l-
uation. This is probably due in part to changes in ventricular
dimensions after elim ination of systemic-pulmonary artery
shunting.
Clinical implications. Ventricular systolic function is
abnormal in a significant number of patients with tricuspid
atres ia. This is not necessarily dependent on age, oxygen-
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ation or presence of a systemic-pulmonary artery shunt, but
is more likely to be abnormal in those with an elevated
pulmonary pressure. Althou gh limited in numbers, our data
also suggest: 1) ejection fraction does not routinel y dete-
riorate over a I to 3 year period before the Fontan procedure;
2) although improved clinically, a large proportion of pa-
tients show no improvement in ventricular function after
open heart surgery; and 3) ventricul ar systolic performance
frequently improves over earl y postoperative values during
the year after a Fontan operat ion. The serial postoperati ve
data in this study are not conclu sive , but suggest that a
normal ejection fraction tends to remain in the normal range.
Because few long-term studies are available , patients with
tricuspid atresia deserve serial evaluation to correlate clin-
ical with hemodynamic data. Do asymptomatic patients with
ventricular function abnormal at rest or in response to stress
denote a subgroup with poor prognosis? It is expected that
continued appraisal with relatively noninvasive techniques
such as radionuclide angiocardiograph y will help answer
this question.
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